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Possibilities for the re-use of waste rubber are

gaining the attention of researchers in the industrial,

municipal and educational fields.

This seminar was aimer2 at informing Ontario business

people of new areas of research and methods that are readily

available.

The developments detailed in this seminar demon-

strate the manufacturing opportunities and dollar earning

potential of utilizing waste rubber.

Each of the six speakers, acknowledged leaders in

various areas of waste rubber re-use, have developed new

systems for converting waste rubber materials.

This seminar was sponsored by the Ministry of

Industry and Tourism in co-operation with the Ministry of the

Environment and the Rubber Association of Canada.

W. Williamson,
Director,
Resource Recovery Branch.

%_.01 Resource Recovery
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All materials and information con-

tained herein are published in the exact

form as presented to the ministries of

Industry and Tourism, and Environment by

the seminar speakers. Per Ministry poli-

cies for publication of "Proceedings",

no attempt is made to edit, reformat, or

alter the material provided except where,

obvious errors or discrepancies have been

detected. Any statements or views here

presented are totally those of the speakers

and are neither condoned or rejected by

Ministry of Industry and Tourism and the

Ministry of the Environment.
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A

BRATON, Norman R. Vrotess()r Norman l+raton of tltc1)4'I't. 01
!'rn;inecrin,i, University of

R'isconsjn-Madison, received his B.Sc.
degree from. State College in Minnesotu
in 1996 and his M.A. from the university
of Minnesota in 1953. During the summer
of 1966 he gave lectures to 12 separate
colleges and industries in Japan and India.
A more recent interest of Prof. Braton is
his research in the area of cryogenic re-
cycling. This work, began with the separa-
tion and re-use of materials from automobile
and truck tires. It has now expanded to
many products where one or more of the
materials in the product become embrittled
at reduced temperatures.

GOUDIE, J. J. J. J. Goudie, Technical Manager of Firestone
Canada Ltd., Hamilton, Ontario, graduated
with a 13.Sc. in basic Engineering from
Princeton University in 1960 and a h1.B.A.
from Kent State- University in 1965. He
joined Firestone in 1960 and was tire
development engineer with Firestone in Akron,
Ohio, before assuming his present position.
Mr. Goudie is currently Chairman of Rubber
Association of Canada Tire Technical Commit-
tee and Chairman of Canadian Advisory Com-
mittee to the International Technical
Committee on Tires, Tubes and valves. He

will outline the work of Rubber Association
and methods presently employed to deal with
waste rubber.

HAMILTON, Thomas M. Thomas M. Hamilton, Manacler or materials
engineering and vendor quality control for
Chrysler Canada Ltd. in Windsor, received
his degree in Chemical Engineering from
Oueen's University in 1948. Mr. Hamilton
has been with Chrysler Gince 1953 and
assumed his present managerial position in
1971. A method of recycling waste vinell
fabrics such as automobile seating to form
liners for automobile trunks will be out-
lined bu Mr. Hamilton.



PIGC;OT7', Michael Prof. P4ich.1c._j 1'iggott, L)ept. of Chemistry,
University of Toronto, received his Ph.D.,

Pt.Sc., ind from Trnperial Colle ot-,
London t'liiversitu, in Pr()1. Pigcfott
has hc1d var.inur, posiLions as an industrial
researcher and project engineer and from.

1964-1068 did research work for the Atomic

Energy of Canada Ltd. in Chalk River. In

1968 he became a full-time professor with

the University of Toronto. His main work

has been on materials science and particularlU

on surface and interfaces in solids. fie

has published many technical papers and

contributed to many conferences. The paper,

presented bu Prof. Piggott will deal with

research the university is undertaking for

Metro Toronto's Roads and Traffic Dept.

to investigate the use of ground rubber

scrap tires Cor the production of rubberized

asphalt.

STEPHEN, Peter B.

(Paper not
available for
printing)

Peter P. Stephen, vice president and general

manager of Danson Corporation Ltd., is a

graduate Mechanical Engineer and has a wide

background in the plastics field. Ten

years acto he joined Danson - one of Canada's

largest manufacturers of plastic processinc7

and auxiliary equipment. Mr. Stephen is

also president of Plastic Recycling Inc. -

a company formed by a joint venture agree-

ment with a U.K. firm and was the direct

result of interest created at last year's

seminar on utilization of waste plastic.

TULLY, Frank R. Frank R. Tully, director of manufacturing

services of the Goodyear Tire and Rubber

Company, Akron, Ohio, joined the company

in 1951 after receiving a degree in mechanical

enginecriny from the Massachusetts Institute

of Technology. Mr. Tulle/ will discuss a

pyrolysis method beiny studied under a

joint venture project between Goodyear and

The Oil Shale Corp. (TOSCO). This pt;rolusis

method could convert eight million scrap

tires (including carcass) into 15 million

vallons of oil, 73 million pounds of carbon

black and 2 million pounds of steel.



CRYOGENIC PROCFSSIN(: OF SOLID WASTES

101: Professor Norman R. Braton,
Muchanical Lngineering Department
college of Engineering,
The University of Wisconsin,
Madison Campus

and

pros cssor Jame> A. lioutski11
Chemical Enc;incc°ring Department,
Coll('ye cf Fngineerina,
The university of Wisconsin,
Madison Campus.

A B S T R A C T

Liquid nitrogen cryogenic processing

of various materials is introduced. Fracture

toughness of materials is discussed in relation

to cryogenic processing and some specific appli-

cations of cryogenic recycling are mentioned.

A short description of a mobile prototype unit

for cryogenic processing of a variety of

materials including tires and cables is given.
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INTRODUCTION

The use of cryogenics for the recycling of certain solid

waste materials appears to be a relatively new solution to an age old

problem.

Webster defines cryogenics as a branch of physics that

relates to the production and effects of very low temperatures. Cryo-

gency was born on Christmas Eve, 1877, "Wen two communications were

read before the French Academy of Science [1]. It was here that a

scientist by the name of Louis Carltelet first made it known that he

succeeded in liquifying oxygen and carton monoxide by the expansion

of gases from high pressures. Simultaneously Raoul Pictet, an engineer,

made his announcement that he had succeeded in liquifying oxygen through

mechanical refrigeration. In the words of Edward M. Blanchard, "The

Second Century of Cryogenics" will begin on Christmas Eve in the year

of 1977.

It has been estimated that seventy-five percent of the

natural resources now being thrown away in the nation's waste system

can be reclaimed and recycled by the end of this decade. Most of the

products involved are made up of multi-material: in that thoq are either

laminated or mixed. Cryogenics can play an important mart in the separa-

tion of many kinds of materials.

The fundamental principle of the cryogenic process is to

embrittle the material by simple ccolinq. For many applications, only

portions of materials embrittle allowing fracture to easily occur in

these regions. Simple physical separation of the materials can than be

easily accomplished. This can be important for applications for such

systems as laminates, cables, and other composites.

Due to the advancement in cryogenic technology, liquid

nitrogen has become relatively inexpensive and widely used for cooling

purposes. Other cryogenic fluids are also applicable but usually are

unsuitable due to cost and properties.

The two bdSic r fur rcum nts of the cryoge.,nic process is to
cool the material below its brittle point and to do this as rapidly as
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possible. Liquid nitrogen has a low boilin(T point (-1960C) so it can

embr.ittle mane materials including metal:,. Also beiny in the liquid

state allows for rapid contact with the material and efficient heat

transfer. The rapidity of lowerinq the temperature will depend on a

number of factors, such as the thickness of the specimen, heat transfer

coefficient at the interface, and the heat capacity and thermal conduc-

tivity of the material. often nucleate boiling of the nitrogen occurs

when a sample is immersed which results in a high transfer coefficient.

The heat of vaporization for liquid nitrogen is on the order of 48 cal/gm

which is low when compared to carbon dioxide (87 cal/gm at -60°C).

However, the low boiling point of liquid nitrogen and its cost is a

distinct advantage.

In order to process a material by cryogenics it is

essential to understand that the fracture toughness of the material

must be low. Figure 1 shows qualitatively how fracture toughness of

typical materials change as a function of temperature. The three

basic types of materials are:

1. Those easily fractured at -196°C (type A where TbA ' -1960C),

2. Materials which remain ductile below -1960C, (i.e. type B where

TbB < -196°C), and

3. Materials which have no sharp cmbrittlement temperature (type C).

Many materials shot, a distinct brittle temperature which

depends on molecular properties of the material. This is discussed later

in the paper. The brittle temperature measurement is also subject to

how fracture toughness is measured [2]. Commonly, rapid deformation tests

(high strain rates or impact tests) give increased brittle temperatures

of the material when compared to slow tests. For cryogenic processing

the normal procedure is to send the material to a hammtrmill where it

is fractured as quickly as possible. Therefore, brittle points measured

by impact testing will be suitable criteria.

Cryogenic processing of materials in the "C" category

is difficult to predict since there is no sharp brittle temperature.

The maximum level of fracture toughness which could be handled easily

by a hammermill would be about 10 ft-tbs. If the material exhibits a
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fracture toughness below this value, then it Frohably can be efficiently

processed.

Another factor which is very important in fracturing a

material, is the geometry of the sample. It is well known that most

materials when impact tested show different brittle temperatures

depending on the type of test. Those tests which use notched specimens

give higher temperatures of the brittle-ductile transition. For instance,

a common semi-killed mild steel will show a brittle transition tempera-

ture of 51C by a Charpy "V" impact test, while a Charpy keyhole impact

test will give a brittle transition temperature of -30°C for the same

material at approximately the same rate of impact. In hammermill

operations for producing granulated materials, the lower quoted values

of the brittle transition would be most important.

This roper will be mainly concerned with the cryogenic

processing and recycling of synthetic poltmeric materials and composites.

First to be discussed will be the basic molecular properties which deter-

mine fracture toughness and second, specific applications. The last

section will deal with the design and operation of actual prototype

equipment used for cryogenic processing.

PROPERTY VARIABLES AFFECTING FRACTURE TOUCHNESS

In order to understand why certain polymeric materials

will fracture easily while others will not, even though the materials

appear to be similar in many respects at room temperature, we will dis-

cuss the qualitative influence of molecular properties and additives in

common polymeric materials on fracture toucThness. A summary of this

information is shown in Table 1. These are general rules which deter-

mine fracture toughness. Table II shows :;uveral common polymers which

have been tested in the University's laboratory and the remarks as to

their physical state.

The first consideration is the glass transition temperature

(brittle temperature) which is determined for linear, branched or lightly

cross-linked polymeric materials and is quoted widely in the literature



for many of these materials. This property is determined exclusively

by the amorphous content of the polymer. If the polymer can crystallize,

then the fracture toughness is not only governed by the glass transition

temperature, but also by the percent crystallinity and how the crystals

are distributed in the polymer.

An example of crystallinity effects are shown in Figure 2.

Polyethylene terephthalate is a material that can be found in a variety

of forms. Its fracture toughness is considerably increased and it

cannot be fractured easily even at liquid nitrogen temperatures if the

polymer is either in a fibre form ("Dacron") or in a heat-treated film

form ("Mylar"). This is observed even though the glass transition is

quoted at 69°C in the literature.

Polarity is also an important consideration. Normally the

higher the polarity the more difficult it is to fracture. A good example

of this are the polyamides ("Nylons") which have both high crystallinity

and are highly polar.

For linear and branched polymeric materials the influence

of molecular weight on fracture toughness can be considerable. The incor-

poration of small weight percents (%19.;) of ultra-high molecular weight

species (106) can increase fracture toughness as much as 3 to 10 times the

normal values.

As the cross-link density of a material increases the fracture

toughness will begin to also increase. However, normally at even low degrees

of cross-linking density, the fracture toughness will begin to be considera-

bly reduced if additional cross-Links are added. This can be accomplished

by irradiation by high energy gamma rays, high intensitt; ultra violet rays,

or by partial chemical degradation.

Additives can have a profound influence on the fracture

toughness of a polymeric material. As indicated in Table I, the use of

plasticizers (usually incorporated in vinyl resins) increases fracture

toughness by lowering the glass transition temperature. Generally, inert

fillers decrease fracture toughness while fibres will increase fracture

toughness. For inert fillers, it has commonly been observed that a linear
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relationship exists between fracture toughness and volume percent

filler.
These remarks have been mainly concerned with mono-

polymer systems. For the case of co-polymers and ter-polymers, the fracture

toughness is strongly dependent on the tyi-es of monomers used and their

relative percentages. If one of the monomers is a "stiff" molecule, then

the resulting brittle transition will be increased even though only small

percents of the stiff molecule are utilized. The sequential distribution

of the monomers is also important in determining fracture toughness. Thus

co-polymers can have random, alternating, block or graft sequences all

having the identical percent composition of monomers but each co-polymer

can have entirely different values of fracture toughness.

APPLICATIONS OF' CRYOGENIC PROCESSING

With the general background of the principles of cryogenic

processing let us now turn toward some specific promising application which

might be of industrial importance (Table IV).

The Tire-Disposal/Recycling Problem

One of the largest volume produced commodities made from

synthetic polymeric materials is tires. Presently about four billion pounds

of tires are being produced. Present disposal methods such as landfill,

composting, ocean dumping and burning are not now adequate due to environ-

mental considerations. Older methods of Dubber recyclin«, using shredding

and separation plus chemical treatment to obtain reclaimed rubber, have

only accounted for about 10 percent of the discarded tires. The high cost

of shipping whole discarded tires has been the factor in limiting reclaimed

rubber.

Cryogenic processing of rubber tires is a simple operation

and the resulting product is in the form of particles which predominately

fall in the 20 to 10 mesh size when screened. The fibrous reinforcement

is readily separated.



- 7 -

1

utilization of thr rtzbhcr 1,art isles is now the ke tt question.
The estimated cost of the rubber particles produced by this method is about

2 to 3 cents per pound. There are a number of processing routes as indi-

cated by Figure 3. Table III provides a list of suggested, specific uses

of the recycled rubber particles.

Rubber has been mixed with asphalt binders for road surfaces

and found to have certain favourable characteristics. A 5 percent mixture

of rubber in asphalt has resulted in raising the softening point of asphalt,

hence, less flow at high temperature. It also lowered the brittle point

so less cracking has occurred at cold temperatures; plus it imparts elastic

properties to the asphalt. Further, a rubberized asphalt binder has also

been found to hold the aggregate better.

Although adding rubber to asphalt was first tried and patented

over 130 years ago, accurate records since then have not really been kept.

In the 1920's and 1930's some roads of this material were laid in Europe,

with one particular stretch in New Cross, England lasting until the 1960's.

It has been only recently that interest has been rekindled. It is reported

that in excess of 10,000 miles of rubberized roads have been laid. Battelle

Institute has in press a report on work they had done with rubberized asphalt.

The City of Phoenix, Arizona laid in excess of 208,000 square

yards of rubberized asphalt on its major streets and airport aprons in the

summer of 1971, with far less disruption of traffic and far less cost than

with conventional materials. The city expects ten years of maintenance

free service all at a substantial savings to the taxpayer [3].

Recycled rubber particles are utilized by Minnesota Mining

and manufacturing in making a base for athletic fields, tennis courts, race

tracks and track fields. General Motors Research Centre has found that by

mixing 10 to 30 percent rubber with proportionate amounts of coal, a desi-

rable fuel is developed with a BTU of 13,500 per pound of mixture. The

undesirable hydrocarbons usually associated with the burning of tires repor-

tedly disappears. Northern States Power Company in Minnesota ran similar

tests in 1973-74. Personnel at the University of Wisconsin have been

interested in the direct molding of these rubber particles mixed with certain



4

- 8 -

additives such as cellulose fines and synthetic powdered resins, such as

polyethylene and polypropylene. A dramatic increase in strength and elo-

ngation can be achieved by incorporation of only 10 percent by weight of

polyolefins.

The destructive distillation of these rubber particles

might be even more exciting since they now can be shipped at much less

cost to distillation sites. Work has been done in evaluation of the

types of yields in the distillation process. The amounts of solid residue,

oil or gas produced depends on the temperature of the distillation pro-

cess (4].

Work done by the Firestone Tire and Rubber Company of

Akron, Ohio in conjunction with the U.S. Bureau of Mines, determined that

the destructive distillation of scrap tires is technically feasible. The

economic feasibility has yet to be determined; cost of shipping the tires

to distillation plants is a critical point. In this study, over 150 gallons

of oil per ton of tires, 1500 cubic feet of gas per ton of tires (comparable

in heating value to natural yas), and 850 pounds of residue per ton of

tires were obtained via destructive distillation.

Other special treatments of the particles could also be

utilized such as the production of ion exchange resins. For instance, the

Savannah River Ecology Laboratory at Aiken, South Carolina is researching

the feasibility of using rubber particles to filter mercury from contamina-

ted streams.

Recovery of Wire and Cable Materials

Another exciting development is the recovery of metal and

insulation from used wire and cable materials. Methods now employed involve

the burning or dissolution of the insulation off the metal which are slow,

expensive processes and produce either oxidized and carbonized coated metal

or expensive solvent recovery problems. The resulting metal often would

have to be further refined. Cryogenic processing is rapid and clean and

the metal is easily recovered intact.

I
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Recovery of Electrical Component Materials

often times plugs, sockets and switches have high impact

phenolics or phthalates as insulators which resist fracture. Cryogenic

processing embrittles these materials and due to different coefficients

of expansion of the insulator and metal, separation is attained more

easily.

Destruction of Laminates

Laminates of metal and polymer sheets, which usually

involve some adhesive, can be separated if there is sufficient embr.ittle-

ment of the adhesive or polymer. Also delamination of poli;mer laminates

is readily obtained if one of the poleimers becomes brittle. Upon impact,

the embrittled polymer fragments and releases itself from the still

flexible portions of the laminate.

Removal of Coatinys

By cryogenic processing of coated materials one can easily

remove the polymer coating if the coating (normally a paint formulation)

becomes brittle. Adhesion is considerably reduced especially under impact.

A particular application could be the cleaning of hooks and holders for

articles being sprayed or dip coated. Sometimes just dipping into the

liquid nitrogen provides enough thermal stresses to fracture the coatiny.

The applications for cryogenic recycling fiac'c2 also been

extended to handling entire automobiles and large metal pieces.

Mr. Georye of Lieye, Belgium, freezes the entire automobile for recycling.

The freezing makes it possible to use lass horsepower for the fragmenting

and, even more important, aids in separating the non-ferrous from the

ferrous metal-. Freezing does not affect the metals such as burning does,

therefore, this process produces 3 high grade of non-ferrous metal.

In addition, Stainless Processing Company of Chicago,

Illinois, using cryogenic technology developed by Air Products and

Chemical Inc., is economically processing motors, generators, and electrical

equipment [5]. We have processed on a small scale a small number of
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commi,rcialIq produced polymeric materials. These are listed in Table V.

The materials are broken down into the broad categories of homogeneous

films, sheet and tubing, composite films, foams and fibres. It appears

that a few polymers such as fluorocarbon films, polgamide films and all

fibres will not fracture. Most all firrous materials will probably not

fracture at liquid nitroyen temperatureF.

THE HARDWARE

The financial help of a Wisconsin based industry has made

it possible for the first portable cryogenic recycler to be built. This

unit was researched, designed and constructed with the help of the Uni-

versity Industry Research Group, the College of Engineering, Air Products

and Chemicals, Inc. of Allentown, Pennsylvania, and Cryogenics Recycling

International Inc. of LaCrosse,, Wisconsin.

The first unit was completed in September of 1973 and at

this writing is beino, operated quite regularly on a variety of materials

(6-8). The recycler, shown in Figure 4, is a self-contained portable

machine designed to travel over most roads including the "I" systems.

It has its own power plant and is a one-man operation. It can collect,

cool, fragment and separate the materials it processes. This machine

is multipurpose in that it has processed tires,laminated materials, plastic

coated metals, multi-strand small diameter coated cables and wires, tele-

phones, solenoids, compressors, generators, and a never ending list of

similar products.

There are several similar research units in the Cryogenic

Laboratories on the Madison Campus which are available to the public for

demonstration and research purposes.

The process is effectivc and efficient; the proper market

for the separated materials can make it economical. v,ith the priorities

of our country put into proper perspective, wide use of the process can

become a roali try.

At this writing the second machine is on the drawing

board. It too will be a portable unit, however, it is being designed

specificallu for tires. Like Machine Number one, it will be self-contained

and a one-rrian operation. Machine- Nurn11e1' TWO will feature a continuous

1

16
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conveyor system planned to increase its efficiency.

It would appear that the cryogenic age for recycling

is upon us. It will be interesting to watch the development of addi-

tional applications with cryogenics for CONSERVING OUR RESOURCES.
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FIGURE 4

The portable cryogenic recycler is
self-contained and designed to
travel over most roads including
the "I" systems.
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TABLE I

INFLUENCE OF MOLECULAR PROPERTIES AND
ADDITIVES ON FRACTURE TOUGHNESS

OF POLYMER MATERIALS

MOLECULAR PROPERTIES INFLUENCE ON FRACTURE
TOUGHNESS (FT)

GLASS TRANSITIONt

% CRYSTALLINITYt

POLARITYf

MOLECULAR WL I GIITt

CROSSLINK DENSITYt

ADDITIVES

PLASTICIZLRSt

FILLERS

% INERT PARTICLESt

% RUBBER

% F I BERSt

FT4

1' 'r!

F Tt

I It
1:,F4

FA

FTt

FTt

0
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A GLNLRAL LIST OF POLYMER'S S IUD I ED FOR FRACTURI:
IN LIQUID NITROGEN

POLYMERS WHICH FRACTURE AT LIQUID NITROGEN TEMPERATURES

Polymer Glass Transition
Temperature, °C

Remarks

Polyethylene (low
density)

Polypropylene

Polyvinyl chloride
(plasticized)

Polystyrene

Styrene-Butadiene

All highly cross-
linked thermosetts
(Phenolics ,
Lpoxies, Melamines
Ureas, Alkyds)

-25

0-20

105
<105

100

-70, -100

Degrade
before

softening

high crystallinity, low
polarity

high crystallinity, low
polarity

low crystallinity, polar
low crystallinity, polar

low crystallinity, nonpolar

low crystallinity, nonpolar

high crosslink density, non-
crystalline, easily fractured

II. POLYMERS WHICH DO NOT FRACTURE AT LIQUID NITROGEN
TEMPERATURES

Polyethylene fiber -2S high crystallinity, high
orientation

Polyethylene
Terephthalate 69

Film 69 intermediate crystallinity,

Fiber 69
polar

high crystallinity, polar,

Polytetrafluoroethylene 126

oriented

high crystallinity

Polyhexamethylene
adipamide s0 high crystallinity, polar
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TABLE I I 1

SUGGESTED USES FOR RECYCLED RUBBER

1. ASPHALT MIXES

(Road, runways, streets, flat, roofs, playgrounds)

2. I-Uf:L

(Stoker mixes of 101 rubber-900 coal)

.i. FI LTI:RS

(To filter mercury from contaminated streams)

4. FROS I ON BREAKS

(To prevent or retard soil erosion on slopes and
shore 1 i nes )

5. ANIMAL MA'I'TRFSSI:S

(Race horses and prize cattle)

6. 1) I ST I I. LAT I ON

(150 gal. of oil; 1501 cu.ft. of gas; 4010
residue per ton of tires)

7. SPORTS FIELDS

(Football fields, tennis courts, track fields
and race tracks)

8. FILLER MATERIAL.

(Thermoset plastics)

9. SOIL. CONDITIONER

(Prevents caking and provides aeration)

10. STUCCO INSTULATION

11. MOLDLD PARTS FOR AUTOMOBILES

Al
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CRYOGENIC APPLICATIONS

1. Tire Recycling;

. Powdered Metals

3. Clean-Up Of Paint Carrying Hooks

4. Wire And Cable Materials

S. Plectrical Component Materials

6. Separation of Laminates

7. Removal Of Polymer Coatings

8. Food Stuffs

9. Oil Spill Clean-Ups

10. Extinguishing Petroleum Fires

4



TABLE V Fracture Characteristics of Various Commercial Plastic Samples Cooled by Liquid Nitrogen

POLYMER SAMPLE Remarks on Ability to Fracture
HOMOGENEOUS-FILMS, SHEET AND TUBING

Low density polyethylene film - (2 mil thick) - - - - - - - - - - - - Difficult to fracture

Low density polyethylene tubing - 1/2 in. dia., 1/8 in. thick wall) - Easy to fracture
Polypropylene film - (2 mil thick) - - - - - - - - - - - - - - - - - Fractures easily if kept close

to liquid nitrogen temperatures
Polyvinyl chloride-plasticized tubing ("Tygon") - - - - - - - - - - - Easy to fracture

ABS ("Cycolac") Sheet (1/4 in. thick) - - - - - - - - - - - - - - -- Easy to fracture
Polytetrafluoroethylene ("Teflon") Film (3 mil thick) - - - - - - - - Will not fracture

"FEP" fluorocarbon film - (3 mil thick) - - - - - - - - - - - - - -- Will not fracture
"Surlyn" (Polyionomer) (10,4,2, mil thick) - - - - - - - - - - - - - Easy to fracture

"Nylon 6" film - (112 mil thick) - - - - - - - - - - - - - - - - -- Will

"Nylon 6" film - (2 mil thick) - - - - - - - - - - - - - - - - - - -Will

not fracture
not fracture

Polyethylene Terephthalate ("Mylar") (2 mil thick) - - - - - - - - - Will not fracture

N
c

COMPOSITE FILMS

Biaxially oriented polypropylene (2 mil) - saran (112 mil) - - - - - Fractures easily if kept close

- EVA copolymer (2.5 mil) to liquid nitrogen temperatures

Polyethylene (2.5 mil) - saran (112 mil) - "Nylon 6" (1 mil) - - - -Fractures easily if kept close
to liquid nitrogen temperatures

Polyethylene (2 mil) - saran (112 mil) - semi-rigid vinyl (10 mil) - -Easy to fracture
(film splits)

EVA copolymer (1.25 mil) - saran (1/2 mil) - semi-rigid vinyl
(10 mil) - - - - - - - -Easy to fracture

(film splits)

FOAMS

Cellulose acetate foam (1 in. thick) - - - - - - - - - - - - - - - -Easy to fracture

Polyurethane foam (5" thick) - - - - - - - - - - - - - - - - - - - -Easy to fracture

FIBERS

"Nylon 66" ----------------------------- Will not fracture"Nylon"tirecord -------------------------- Will not fracture
"Dacron- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -Will not fracture

a
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WASTE RUBBER UTILIZATION SEMINAR

AN OVERVIEW

By: J. J. Goudiv,
FIRESTONF. CANADA LIMITED.

Gentlemen:

I am most pleased to be here today on behalf of the

Rubber Association of Canada to speak to this group that has been

convened by the Government of Ontario. Both as a citizen and a

member of industry, I am concerned about the problems of waste, and

it is encouraging that serious thought is being given to this area.

Such gatherings as these today can lead to new opportunities for

the use of waste products.

Where does most waste rubber come from? We know from

statistics that rubber consumption in c.'anada is almost 300,000 tons

per year. Approximately 70 percent of that goes into tire produc-

tion in Canada. Of that tire production, two-thirds is aimed at

the replacement tire market, or the after-market, as it is sometimes

called.

Last year, the Canadian passenger tire replacement market

was almost 13 million tires. Some of these are retreaded, an

attractive process because it re-uses rather than scraps material;

some are directed to other uses, but about 11 million are scrapped.

This accounts for almost 150,000 tons, a figure that represents about

one-half of the amount of rubber consumed each year.

P
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so, it seems we have an answer to our question about

where most waste rubber comes from. The overwhelming source is old

tires which have been replaced. of course, there are other sources

of waste rubber. Some plants have scrap rubber as an offshoot of

the production process. Products besides tires are discarded,

and may be subjected to a re-use scheme. But, it is obvious that

used tires present the major problem in waste rubber.

Why are tires the major problem? First, as I have

said, there are plenty of them. ,,econd, tire technology has ad-

vanced to a considerable degree of sophistication, with great

effort having been expended to produce tires that are strong, long

lasting, and resistant to breakinu down. The science of tire technology

has made a good tire, but bad garbage.

Thirdly, tires are shaped in such a way that they cannot

be stored easily. I have talked to our traffic manager many times

about the problem of storing and shipping tires. He tells me that a

good part of the company dollar goes to shipping and warehousing air.

The simple fact is that tires take up a lot of space.

This represents a fourth problem, that of transporting used

tires to the re-use or re-cycle site. The shipping cost of the tires

becomes a raw material cost for the re-user of that rubber. It must

be kept low enough to encourage the start-up of new re-use industries,

and to keep product costs at a competitive level with those produced

from new raw materials. It is important to note that both natural

and synthetic rubber are shipped in dense, compact units.

in looking at this transportation problem, the question

occurs: where are all of these u.-:ed tires. Obviously, they are where

the cars are, and, therefore, in the most heavily populated areas. The

southern Ontario area, Montreal, ind the British Columbia lower mainland

have the major concentration of u:;ed tires.



where, within this geogralahic framework, ai-e they found?

They are found wherever new tires are put on cars to replace old ones.

This means in gas stations, automotive service centres, and depart-

ment store tire outlets. About 60 percent of all tires sold in

Canada are private brands - Canadian Tire, Atlas, Eatons - and are re-

tailed outside of the control of the manufacturer. The remainder are

manufacturer brands - Firestone, Goodyear, Goodrich, General, Uniroyal,

or Dunlop - but most of these are marketed bu private outlets beyond

the control of the manufacturer. OnIL7 about ten percent of the tires

made in Canada are marketed through manufacturers' retail outlets.

Thus, the question of used tire recovery becomes somewhat

more complex than dealing with the eight tire manufacturers in Canada.

It becomes a matter of more than thirty-thousand Canadian retail outlets!

What has been done with used tires in the past? For many

years, the most prevalent technique was to treat the used tire like any

other piece of garbage; that is, to throw it in a dump on the outskirts

of town. Sometimes this technique reached a higher level of sophisti-

cation, when an entrepreneur would open a lot, again on the outskirts

of town, and people would pay him to keep their old tires on his lot.

When the lot became filled to capacity, the entrepreneur would put on

his hat, lock the door of the office shack, and heat into town, never

to return.

This solution has its drawbacks, as we have found out in

recent years. First, the outskirts of town have not remained so, and

yesterday's garbage dump is today's residential mall. Secondly, tires

do not have any of the characteristics of good garbage. I have rren-

tioned their size, shape, and durability qualities. In addition, tires

behave in two ways that make them undesirable garbage. First, when left

heaped above <7round, the sun's heat tends to soften them, and they have

been known to stick together. They can become volatile, and burst into

flames. Burning rubber defies polite description.
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So, perhaps the answer is to bury the tires. But tires

refuse to stay buried. Eventually they will work themselves to the

surface, much as a dead fish will float to the surface.

Therefore, as we can sere, treating tires like conventional

garbage is not the answer. Theq cannot be thrown on a pile and left

at the mercy of the elements. The elements have been too merciful

to used tires.

New techniques have had to he found for the disposal of

tires. Some of these you will hear more of later, but there are four

main areas I would like to mention.

First, there has been some research done to find applications

for whole tires, without any processing done to them. Among the

most successful of these has been a programme utilizing old tires in

the construction of artificial reefs on the ocean floor. The V.S.

Department of Interior's Bureau of Sport Fisheries and Wildlife has

estimated that over one billion tires could be disposed of in this way.

The reefs are used for the stabilization of the ocean floor in coastal

areas, and for breeding grounds for fish life. Studies have indicated that

the tires neither harm the fish nor pollute the water.

Another application has been the use of tires as barriers on

roads. These are usually covered in a more attractive disguise.', such as

the yellow cylinders on the Don Valley Parkway, and have proven effective

as absorbers of shocks. However, it is not expected that this will be a

major use of old tires.

Secondly, there is destructive distillation, the breaking

down of the components of the tir,, chemically to recover various commo-

dities. You will hear more of this later when you are informed of the

Goodyear-Tosco project. As part of this project, materials are freed

for general industrial use. The liquid and gaseous products produced from

the operation can be used as fuels, some of the chemicals can be completely

recovered, and the solid residue can be used as a filtering medium in

sewage treatment.
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The extraction of carbon black, a vital inyredient in the

production of new tires, is another possibility in the, use of old

tires. Ground up scrap tires have produced carbon black that has

been used in the production of new tires.

A fourth use of tires, about which you will hear more

later, is as an asphalt additive. Speaking as a tire technician, I

must say I am pleased to see such experimentation going into

building materials. Perhaps ground-up tires will help to produce better

roads. The tire industry has spent great effort and much money in

the sophistication of tires. There are very few products subjected to

more rigid tests and standards than tires, and very few products that

have been the subject of such considerable developmental research.

Roads have not kept pace, and it is my feeling that if we could get

together with the road people with the aim of bringing road design

abreast of tire design, the consumer would find that driving would

be improved from the viewpoints of comfort, economy, and safety.

There have been other experiments and projects in tire

usage, all the way from running production plants on energy produced

from old tires to dock bumpers at the cottage, and many of us are

familiar with these various specific examples. I am sure other speakers

will touch on them.

What of the future? This is why we are here today, to hear

of the new technology in tire re-use and re-cycle. We know now that

the problem must be beaten, and new methods must be found to supple-

ment the old.

Industry is concerned about the problem, and in many ways.

First, we wish to be good corporate citizens of the Canadian community,

so we will shoulder with everyone else the responsibility to maintain a

clean environment, and to conserve our natural resources. Secondly, we

know that the industry will suffer when the products it produces become

a burden to the community. We do not, nor will we ever, pursue such ill

P
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will. Thirdly, we want to find those methods of re-use and re-cycle

which are financially feasible. It is unlikely that industry, in the

competitive marketplace, will adopt re-use methods that cost more than

initial manufacture. Fourthly, industry is concerned that any stan-

dards and regulations developed regarding re-use and re-cycle be done in

conjunction with industry, so that our objectives might be obtained in

a way that will be of benefit to the whole community.

I thank you for the opportunity to make these remarks, Mr.

Chairman, and for the invitation extended to the rubber manufacturing

industry to participate today.

E
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RECYCLING AUTO SEATS INTO MATS

By: T. M. Hamilton, Manager,
Materials Engineering and Vendor Quality,

CHRYSLER CANADA LTD.

Mr. Chairman, Honourable Minister, ladies and gentlemen:

On behalf of Chrysler Canada Ltd., I wish to thank

the ministry of Industry and Tourism for this opportunity to present

the paper today entitled, "Recycling Auto Seats into Mats". From

our standpoint it could be more precisely termed the reprocessing of

waste trim cuttings into automotive trunk mats.

The world crisis that has developed in the past few

years regarding energy supplies produced from non-renewable resources

has sparked a trememdous interest in recycling plastic materials parti-

cularly those produced from petroleum derivatives. One of these, PVC,

polyvinyl chloride, is produced from ethylene, and unsaturated hydro

carbon, by chemical processing to produce vinyl chloride and then by

polymerization to polyvinyl chloride.

This thermoplastic material is used widely in the manu-

facture of both supported and unsupported "vinyl" fabric and film.

Covering for furniture, passenger car and truck seat covers, roof covers

and a host of other common products are manufactured from "vinyl". Supported

vinyl fabric is by far the largest single use that the automotive industry

makes of "vinyl" and as a result the recycling of this type of material can

substantially reduce the amount of this or other optional materials that

the automotive industry consumes.

It is with this thought in mind that we approach the sub-

t

ject at hand.
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This is the storm of two companies having the same

problem - waste trim material and what to do with it.

We must go back to 1971 in Troy, New Hampshire where

Troy Mills, a manufacturer of automotive trim materials and other vinyl

consumer products, was generating a certain amount of expanded vinyl

waste. In the interest of finding a use for this waste material, Troy

Mills approached Chrysler Corporation. Our Styling, Laboratory and

Purchasing Departments became interested in Troy's proposal to make a

trunk mat from this waste. Troy Mills fabricated a mat on a laboratory

basis only as a demonstration to Chrysler of the possibilities.

Meanwhile Chrysler's Materials Reclaim Department had its

problem. The disposal of tons of trim waste from our cutting operations

at the Detroit Trim Plant was a continuing expense - compacting and trucking

to a land fill site. After some discussoon between Troy Mills and Chrysler,

a representative sample of Chrysler waste was reprocessed by Troy Mills

under the same laboratory conditions and submitted to Chrysler for evalua-

tion. Our Styling and Laboratory Departments found the mat acceptable

for the trunk application from an appearance and functional point of view

and a specification was written to cover the physical properties of the mat.

Such things as finished weight, tensile strength, tear, wear, heat aged

properties, hot and cold cycling, cold crack and several other require-

ments were included in the specification.

In the spring of 1973, Chrysler and Troy entered into an

agreement to the extent that if Troy developed the process and production

capability, Chrysler would purchase a substantial number of mats from Troy

Mills based on the use of Chrysler trim waste. Troy Mills had built a

plant in Harrisville, West Virginia, a town of 1400, some 30 miles east

of Parkersburg, and developed and built the machinery required to produce

the mat. Production began in the fall of last year.

At the moment, Troy is producing approximately 70 mats

per hour and hope to be over 100 pieces per hour very soon. Once the

"process bugs" are cleared up, production will be expanded from one shift

to three shifts. Thus the ultimate capacity with the present equipment

will be 2500 pieces per day.
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But now to the process. Compactors are supplied to our

Detroit Trim Plant where vinyl trim cuttings composed of supported and

unsupported film, foam laminated to sheeting, and woven body cloth are

compacted and sent to a local baler and from there by common carrier to

Harrisville. The bales weigh approximately one ton - anywhere from 1800 to

2200 lbs. At present, 45000 lbs of waste per week are being shipped to

Harrisville.

Such things as glass, metal, paper and a large proportion

of body cloth are not desirable and must be removed from the waste prior

to the first step in the process. Manual sorting is about the only effec-

tive way of controlling what goes to the first grind operation. Body cloth

is often sewn directly to vinyl and must be processed while body cloth cuttings

alone are discarded. This material is taken to a local landfill for dis-

posal. It is difficult to remove all metal such as wire, metal buttons and

aluminum foil if it is trapped inside the trim scrap and may damage the

grinding knives in the first operation.

Step 1.

First Grind to 1"

The scrap is hand loaded on a conveyor and passes under a

magnet to remove any magnetic metals and from there to the grinder hopper.

Passing through the grinder from top to bottom, the ground scrap is con-

veyed by a blower system to a cyclone separator where the material drops to

a transverse delivery conveyor belt leading to the foam removal operation.

Damage to the grinding blades may occur if metal materials are allowed to

enter the grinder.

Step 2.

Foam Removal

The removal of foam to a level of no more than 5 percent is

essential if mats of good quality are to be produced. Any noticeable amount

of foam will produce holes and weak spots in the finished mat.

This step in the process is accomplished by vacuum separa-

tion. Two vacuum nozzles the width of the delivery belt and spaced approxi-

mately two (2) feet apart remove most of the ground foam due to the difference

in specific gravity between foam and vinyl. The foam is blown directly to a

baler. Troy Mills is trying to find a use for this foam by-product, but is

having some difficulty due to vinyl contamination.

c
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As you can imagine, there is a loss of ground vinyl waste

due to physical attachment to the foam either by sewing or because the

sharp corners of the vinyl chip hook into the foam. The vacuum action draws

it away and it is lost in the foam. This problem deserves some attention

to reduce vinyl loss. Perhaps the fluidized bed principle could be used to

provide better separation of the foam and thus provide better efficiency of

vinyl separation.

The correct feed rate to the grinder must be determined based

on the quality of incoming waste, i.e., the percentage of foam to vinyl con-

tent. If the foam percentage is high, the loading of the grinder conveyor

must be adjusted, otherwise too much foam will get past the vacuum separator

and end up in the first grind product. Again a high foam content tends to

increase the vinyl loss due to entrainment in the foam.

Woven fabric cannot be separated from the vinyl due to the

closeness of their specific gravities. A high fabric content affects the

mix quality since increased amounts of new PVC powder must be added to

produce mats of proper quality. This, of course, affects the new material

cost of a finished mat.

Step 3.

First Grind Storage

At the moment there is a storage provided by way of large

cardboard containers awaiting the Second Grind operation. This storage will

be deleted once a second set of grinding equipment is installea.

Step 4

Second Grind to 114"

Using the same piece of equipment as the first grind, the

blade spacing is reduced to 114" to produce a small chip ready for mixing.

Again as in Step 1, metal is removed during the pass under the magnet. Glass

is particularly bad if it gets this far in the process. As we said earlier

the foam content must be no more than 5 percent to maintain good quality.

Step 5

Second Grind Storage

The material from the second grind operation is blown directly

to this storage which is a series of small rooms with a lint removal exhaust

system. As the vinyl chip falls from the ceiling, any lint is sucked away.

This has been found to be extremely important since any large particle of lint
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finding its way to the mix operation will end up in a mat, producing holes

or weak spots.

Step 6.

Mix Operation

The mix is produced in 500 1b batches in a ribbon blender.

Second grind material is loaded into the blender together with 5 percent

by weight carbon black to give a basic colour to the mat. In addition, 5

percent DIDP Diisodecyl phthalate, a plasticizer, is added to compensate

for some volatile loss of plasticizer during the preheating operation, to

give wetness to the mix and to give a better hand or feel to the finished

product. The final ingredient in the mix is PVC powder which is added up

to 20 percent by weight depending on the PVC content of the second grind

material. A higher proportion of body cloth will require more PVC powder

to provide good mat quality. The batch is blended for approximately 15

minutes to give a homogeneous mixture.
t

Step 7.

Mix Storage

The finished batch is loaded into cardboard containers

on pallets and transported to the loading conveyor feeding the dispenser.

Manual labour is used to feed this conveyor, however, work is proceeding

on a system of belts or screws to deliver the mix to the dispenser hopper.

Step 8.

Dispenser

The next and probably most important step in the process

is the loading of the aluminum sheet moulds. As you can see from the sur-

face of the finished mat, the moulds are grooved and provided with vent

holes for air and gas to escape during the press operation. An uniform

thickness of mix must be applied to the mould. The mould is advanced

under the dispenser by a chain drive. A metering roll similar to a fertilizer

spreader dispenses the mix, from a hopper above, to the surface of the mould

and a vibrator beneath the mould tends to level the load as the mould ad-

vances.
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Step 9.

Excess Mix Removal

The mould is indexed to the next operation which is the

vacuum removal of all excess material not required in the moulding process.

To accomplish this, a template approximately 2" wider on each edge than the

mat to be produced, is lowered onto the loaded mould. A triple head

vacuum traverses the mould and removes all excess material which is returned

to a mix storage for reprocessing. Eventually, this material will be returned

to the dispenser hopper.

A transfer conveyor takes the loaded mould to the preheat

oven. At this point the load is checked visually for thin spots or short

load in some areas and mix is hand applied as required.

Step 10.

Preheat Oven

The preheat oven is a triple zone direct gas fired oven

with burners both top and bottom. The ambient oven temperature is about

500°F or 260°C if you prefer; however, the mould at normal line speed only

reaches 3751F well into the fusing or moulding range of PVC. This tempera-

ture is required to fuse and flow the PVC throughout the mix and encapsulate

any foreign material that is present.

Due to line stoppages, there is some difficulty from over-

heating that results in "burning". A burned mat has to be scraped from the

mould and is a loss of production, however, that is not a common occurence.

As the process is further developed and down time is eliminated, the problem

of "burning" should be reduced.

Step 11.

Press Operation

After preheating, the mould is indexed to meet a continuous

belt from above. The belt is made of teflon coated fiberglass. The belt is

pressed down on the mould by means of a pressure membrane made of silicone

rubber coated fiberglass under 15 psi air pressure. At the present line

speed the pressure is sustained for 45 seconds although the plant personnel

feP1 a cycle time as short as 15 seconds would be adequate.
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Step 12.

Cooling

As the mould indexes out of the press, the top belt is

still in place. Water is sprayed on the underside of the mould to cool

it to a handling temperature. A hood and exhaust fan effectively remove

any steam generated during cooling.

Step 13.

Stripping

Exiting from the cooling operation, the continuous top belt

pulls away and returns to the preheat oven exit to pick up a loaded mould.

The cured mould is transferred by belt drive conveyor to

the stripping operation. The aluminum sheet moulds have release compound

applied to them once daily to aid in mat removal. The moulded mats are

removed by hand ready for trimming. The moulds are cleaned by scraping as

necessary for the next run. By visual inspection, any defective mats due

to tearing on removal, weak spots or voids are re-ground in the second

grind operation and added as a percentage during the mixing process.

As we said earlier the stripping is being done by hand until

such time as automatic equipment can be perfected to do the job without

tearing the mat.

The last two operations are not unique to this process,

i.e. die cutting and insulator pad application. Even here the trim cuttings

and cutouts are returned for regrinding.

The quality of the mat is controlled to Chrysler specifications

by tests performed at Harrisville such as finished weight and visual inspec-

tion. Samples are sent to Troy, New Hampshire for further tests to insure

good Quality Control.

In conclusion, this process has reduced an irksome and

costly problem for Chrysler. It produces a functional mat with good appearance

where there are savings to Chrysler in both waste disposal costs and piece

price when compared to mats made of optional new materials. It recycles

waste material which reduces the use of new materials some of which are

derivatives of our dwindling non-renewable resources such as fossil fuels.

c
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IMPROVEMENT OF PAVEMENT ASPHALTS

By: M. R. Piggott,
University of Toronto,

J. D. George,
Metro Roads and Traffic Department,

R. T. Woodhams,
University of Toronto

SUMMARY

* Netro Toronto has contracted with the University of

Toronto to carry out a short term investigation of asphalt materials

containing reclaimed rubber. The use of reclaimed rubber has been

shown to reduce the cracking of road surfaces under heavy loading

in the United States. The rubber is obtained from old tires, and its

use can, therefore, help solve another problem; the disposal of waste

tire material.

It is planned to lay down test strips of asphalt con-

taining the rubber on medium to heavily used roads in Metro Toronto

this fall. This should show whether compositions that perform well

under U.S. Conditions can be used in Canada. In addition, an experi-

mental investigation will be carried out in the laboratory. The effect

of particle size of the powdered rubber, the temperature of mixing, and

the proportion of rubber added will be tested. We will look for good

creep, fatigue and flexure properties, and will also consider the ease

of manufacture (and hence cost) of the asphalt. Most important, however,

is the effect of low temperature. The performance of reclaim rubber

containing asphalts at temperatures down to -401C is not known at
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present, yet knowledge of this is critical for the use of these

asphalts in Ontario.

1. RUBBER IN ROADS

The use of rubber in roads has a long history. As

early as 1902, it was suggested that the addition of rubbers to

asphalts would improve their properties. This has proved to be the

case and for the last 30 years the rubber companies have been urging

the petroleum companies to add rubber latex to their asphalts.

The main advantages of rubber addition are as follows:

1. creep under load is reduced,

2. flexibility is improved,

3. cracking is reduced,

4. durability is increased.

The consequences of these improvements are that rutting

is diminished, even when a low viscosity asphalt is used; a higher

asphaltic content can be used in the pavement; the rubber-asphalt

pavement can withstand traffic vibrations better than normal asphalts.

Adequate compaction of the pavement due to traffic can

still take place, and the material lasts up to twice as long as normal

asphalt, resulting in lower maintenance costs. The material can be

driven over as soon as it is laid, so that traffic disruption in the

laying operation is minimized. It resists bleeding and distortion at

high temperatures and embrittlement at low temperatures. Any cracks

formed in winter can heal by themselves during the summer. The thinner

layers needed due to the extra strength and durability reduces and

sometimes eliminates curb and drainage structure raising operations.

The durability of rubber-asphalt roads is illustrated

by a road in Sarnia laid under the direction of the Polymer corporation

(now Polysar) 25 years ago. It is still in good condition.

I
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W id) 111 the -;c .1dV.?1: f-,1'Je 5 one mi qht think that all road

laying nowadaiis would be done using rubberized asphalt. What almost

certainly prevented this was the increased cost of the rubberized

asphalt. However, the situation has changed as a result of the recent

increases in the price of asphalt. Economies can be made when rub-

berized asphalt is used, since the rubberized asphalt layers need

only be half as thick as the regular asphalt. If, in addition, the

rubber could be obtained at much reduced price, in a form which could

be added to asphalt, and still have all the advantages listed above,

this would be something of a breakthrough. The use of reclaimed

rubber may well be that breakthrough.

In Canada, about 18 million tires per year are put onto

cars and trucks. Twelve million of these are replacement tires. Some

tires are re-used, but not very many, the potential for tire re-use on

vehicles is quite limited. As a result, about 10-112 million tires are

thrown away every Clear. They pollute the atmosphere if burned, and

refuse to stay below the ground if buried. Thus, their disposal presents

a problem, and inevitably, therefore, costs money. However, as Dr.

Braton has shown, they can be powdered without too much expense, and the

powder is very suitable for addition to asphalt. Thus the use of pow-

dered reclaimed rubber from tires can solve a problem, and help to

improve a product.

2. RECLAIM RUBBER IN ASPHALTS

Happily, tests in the U.S.A. do show that the addition of

reclaimed rubber to asphalts does give the sort of improvements expected

from experience with additions of rubber latex. The rubber is in a

different form - small crumbs, instead of particles of almost atomic

dimension, and the way it works appears to be different. This gives

the reclaim rubber asphalt some Froperties which are even better than

the latex rubber asphalts.
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The rubber is mixed with the asphalt at about 200°C

(400-425°F), and this temperature should be maintained for about half

an hour. The rubber is not completely dissolved, and the particles

retain their identity to a considerable extent. They thus work in a

way which has been taken advantage of for a long time in the plastics

industry. Polystyrene has long been toughened by minute rubber

particles, embedded within it, which retain their rubbery properties,

and act as crack stoppers. The same process appears to take place in

asphalt.

Figure 1 shows what happens when an ordinary asphalt is

tested in a split ring tension test. As the force increases the material

deforms more and more until the material yields, and then fails, further

deformation taking place under ever decreasing loads. There is a small

plateau-like region, indicating some toughness. For comparison, the

rubber latex asphalt is shown on the same graph. This has a much

larger plateau, indicating much greater toughness. Finally, the reclaim

rubber result is shown. This has a much larger plateau still, showing

the superiority of this material to the latex reinforced material. These

curves are taken from the work of B. J. Huff (U.S. Rubber Reclaiming

Co., Inc., Vicksburg, Mississippi).

Asphalts containing reclaimed rubber have been tested on

roads and airport runways and found to reduce cracking, and improve dura-

bility and other properties just as the latex rubber asphalts do. Figure

2 shows the effect of a rubber-asphalt seal coat after three years of

service on a city street with moderately heavy traffic in phoenix. The

reduction in cracking is immediately apparent.

The U.S. Department of Transportation is very excited

about the future of this material, and during the last two years some

1200 miles of highways in the Western U.S. have been paved with the

material. In addition, a number of airports have been paved entirely

with it. The material performs very well at low temperatures, and has

been used in places at very high elevations in Arizona, Colorado and

Utah, which experience temperatures sim.;lar to those suffered in winter

in Ontario.
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3. WORK TO BE: CARRIED OUT AT THE UNIVERSITY OF TORONTO

In the Chemical Engineering Department at the University

of Toronto, we have a group of 31 professors, who are experts in a wide

range of s bjects within the general purview of Chemical Engineering

and Materials Science. The group has access to a wide range of equip-

ment and do research and feasibility studies on problems of an applied

nature. They maintain close contacts with industry, and with Govern-

ment research and development.

Metro Toronto Roads and Traffic Department has contracted

with the University of Toronto for the Chemical Engineering Department

to investigate the use of reclaimed rubber in asphalt to determine

whether the material would be equally good on Metro Toronto roads as it

is in the Western United States, and whether it can be improved still

further by changes in composition and heat treatment.

Two professors will be directly involved in this investi-

gation and they will be assisted by a research fellow with a Ph.D.

Mechanical tests will be an important part of the investigation and

for these we will be using an Instron testing machine (Figure 3) with

which it will be possible to do split ring tests, compression tests,

flexure tests and direct tensile tests on samples of asphalt with and

without aggregate.

A two-pronged attack will be made on the development of

suitable formulations for reclaimed rubber asphalts for use on Metro

Toronto streets. One approach will be to lay down test strips of

asphalt containing different amounts of rubber, close to the optimum

for conditions in the U.S. They will be laid on medium to heavily used

roads in the Metro Toronto region in the fall of this year, and examined

on a regular basis to determine the effects of the passage of traffic,

natural temperature fluctuations, water, snow, and salt.

The other approach will be laboratory tests. A wide

range of rubber contents for the asphalt will be examined, and the optimum

heat treatment determined for the incorporation of the reclaimed rubber.
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The possibility of reducing the temperature of the heat treatment to

100°C to prevent or reduce ageing as much as possible will be care-

fully examined. Tests will be carried out to determine the properties

of test samples in the temperature range +40 to -40°C (104--40°F).

The yielding and flow properties of the samples will be examined, and

creep and fatiyue tests will be carried out. The possibility of the

use of lower viscosity asphalts will be looked into, and also the

effect of rubber particle size. The whole program will be carried

out with strict attention paid to the type of conditions likely to be

encountered when these materials are used in Ontario.

4. CONCLUSION

Putting reclaimed rubber in asphalt to be used on roads

and highways seems to be the answer to two problems: the disposal of

unwanted used rubber tires, and the problem of improving the durability

of asphalt road surfaces. The idea has been shown to work in the

United States, where it is being vigorously applied with great enthu-

siasm. A start is being made in testing the concept for use in Canada

by road tests and laboratory tests at the University of Toronto, in

co-operation with metro Roads and Traffic Department.

April, 1975.
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DISPOSAL OF 6JCRN-OUT TIRES

Turning Trash to Treasure

By: F. R. Tully,
Director of Manufacturing Services,
The Goodyear Tire 6 Rubber Company,
Akron, Ohio.

Considerable progress is being made by Goodyear in

developing constructive recycling methods for the scrap tires that

are discarded by the millions each year.

The ideal of recycling - the recovery of materials and

energy - may be approached in a process that is being extensively

tested by Goodyear and the Oil Shale Corporation - TOSCO. The

companies are studying the economic feasibility of applying oil shale

recovery technology to the recovery of oil and other reusable materials

from scrap tires.

In this process, ground-up tires are heated to high

temperatures by direct contact with hot ceramic pellets - a method

called pyrolysis (chemical decomposition by heat) - and refined to

yield the basic raw materials.

Company researchers estimate that a full-scale recovery

plant could convert some 8 million scrap tires annually into 15 million

gallons of oil, 73 million pounds of carbon black - a basic ingredient

in new tires - and two million pounds of steel. These materials could

be used to manufacture an additional two million new tires per year -

including the energy necessary to produce them.

Goodyear presently is using discarded tires as fuel to

produce process steam in a unique boiler at the company's Jackson, Mich.,

tire manufacturing plant. The tire-fired boiler, now operating
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experimentally, is the first of its kind in the United States. The

steam is used in new tire production.

When in full operation, the boiler will consume more than

a million worn-out tires annually in a combustion chamber that utilizes

a controlled vortex pattern to burn the smoke and odor molecules at

about 1,093°C. Pound for pound, tires have approximately 50 percent

more BTU value than coal.

Oldest of Goodyear's recycling programmes is its reclaim

operation. At the industry's largest tire reclaim facility, the company

reclaims and processes some 60 million pounds of rubber from some 2.5

million scrap tires. The reclaimed rubber is used in a wide range of

products.

Even when their highway usefulness is over, tires remain

extremely durable. They are not biodegradable. They will exist un-

changed almost indefinitely under all sorts of conditions.

This indestructibility of old tires has proved an asset

in one of the most creative projects for utilizing them. Fishermen

in Florida are beginning to reel in fine catches over artificial reefs

built of old tires.

In Fort Lauderdale, Goodyear is co-operating in a community

reef building project instigated by the Broward Artificial Reef, Inc.,

a non-profit public service organization. The county now operates the

project and requires that all discarded tires in Broward County be

used in the reef. Our company is furnishing technical help and special

machinery for punching holes in the tires and compacting them into

bundles, in addition to contributing scrap tires.

The bundles of tires, drilled to permit air to escape

and weighted with concrete, sink to the ocean bottom to provide a

haven for fish. According to marine scientists, the food chain starts

almost immediately as the smaller fish seek shelter in the underseas

housing development.

r,
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Newest and one of the largest of the arowinq number of

rubber reefs now under construction on the cast and gulf coasts is a

research project at Marco Island. It involves Goodyear and the Del-

tona Corporation, developer of that new planned community. Again,

Goodyear is providing tires, tire compacting machinery and technical

assistance. Monitored by the Marco Applied Ecology Station, the

results to date have been overwhelmingly satisfactory. The reef is

literally teaming with fish and other marine life - more than 90

species.

It is estimated that 1.5 million discarded tires will

go into the building of reefs annually during the next several years.

Goodyear also is participating in studies of the use of

scrap tires as floating breakwaters and as shore protective devices in

co-operation with the University of Rhode Island and the University of

Michigan. Tires, in addition to being an energy source, have great

energy absorbing capacity.

The units are constructed in various configurations by

lashing tires together with rope, cable or plastic bands. Goodyear

scientists maintain that breakwaters and shore protection devices

built of scrap tires would be virtually indestructible, easily trans-

portable and require little maintenance.

Earlier, somewhat similar scrap tire structures were

developed by Goodyear researchers as motorist-protecting highway crash

barriers. Test cars, traveling up to 60 miles per hour, have slammed

into test barriers and suffered relatively minor damage.

Ground up tires form the base materials for an artificial

turf made on a test basis by Goodyear's Research Department. It has

potential application in playgrounds and around swimming pools. Tire

Turf creates a resilient surface and it can be produced in a variety

of colours.

One of the key ingredients used in the compounding of tires

is carbon black. And carbon black can be produced from scrap tires. In
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a process pioneered by the Cities Service Company in co-operation

with Goodyear, one old tire carcass yields enough carbon black to build

a new tire of comparable size.

Finally, Goodyear is seeking new uses for scrap tires in

their original form for such diverse applications as marine market

buoys, floating pipeline collars and boat bumpers.
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'VIAVE BRFAKF.RS -- This cartoon i i lustrat. -s
scrap tire breakwaters control the siashirir,
rower of waves. The structures are made by

lashing together bundles of disc:}ried tires

with high-strength cables, ropes or plus'."

Lands, explain Goodyear scientists who

developed them. One in every ter, tires 1:,
Cram-filled to give the unit bouyancy.

- c
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SOMETHING FISHY -- With about 100 artificial

rubber reefs coming into existence around the

world, tires on the ocean bottom will come as

a surprise to increasing numbers of scuba

divers. Goodyear has supplied key reef

building projects with thousands of worn--out

tires, machinery that compacts the tires into

sinkable bundles, and technical assistance.

The reefs provide a haven for game fish and

other aquatic life.

47 -
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TIRE GUSHER -- A sample of oil recovered from

scrap tires is examined (left photo) in a

pilot plant operation jointly undertaken by

Goodyear and The Oil Shale Corporation

(TOSCO). Ground-up scrap tires (right photo)

are refined in a special TOSCO process to

yield oil and other materials. If proven

feasible, one full-scale plant could recover

15 million gallons of oil, 73 million pounds

of carbon black and 2 million pounds of steel

from 8 million scrap tires.
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TIRES AS FUEL -- Worn-out tires are conveyed

to a unique furnace that burns them to produce

steam for new tire production at Goodyear's

plant in Jackson, Mich. The tire-fired boiler,

now undergoing final testing, is designed to

operate without odor or pollution. And the

tires, with a BTU value about 50 per cent

greater than coal, are an efficient substitute

for conventional fossil fuels.
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